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 Synopsis

Although several commercial moisturizers are available in the market, the continued role of pharmaceutical 
compounding has been still felt in dry skin management. This study aimed to evaluate the effect of a urea-
based compounded moisturizer on barrier function, compared with a similar commercial product.  Thirty 
volunteers with a mean age of 36.15 ± 9.55 years (range 21–56 years) and dry skin were recruited in two 
groups, one group to apply 5% urea containing hydrophilic petrolatum and the other 10% urea containing 
hydrophilic petrolatum. I n each cohort, the upper parts of right and left forearms were randomly assigned for 
twice a day application of commercial or compounded products. Whereas the right lower forearm was 
assigned for application of a cream-based formulation, the left lower one served as the control site and with 
application of no topical product. Biophysical assessments [transepidermal water loss (TEWL), skin hydration, 
friction coeffi cient, pH, and surface lipids], were performed before intervention, at 1 and 4 h after single 
application, and at 24 h and 1 week twice daily application. I n both groups, commercial and compounded 
moisturizers showed an appropriate and comparable effect on skin barrier function compared with cream-
based formulation and no treatment area. However, commercial products led to better improvement in 
TEWL, 4 h after single application in both groups (p-value = 0.04). In case of 10% urea base formulation, 
the rate of increase in skin hydration was also signifi cantly higher for a commercial emollient than a 
compound ing product (57.48 ± 11.23 vs. 50.59 ± 11.42, p-value = 0.02). Comme rcial formulation led to 
higher acceptability and better improvement in the skin barrier function after single application, probably 
because of the infl uence of excipients. The present study did not fi nd suffi cient added value for cream-based 
pharmacy product relative to commercial one and suggests to be replaced in a similar condition.

INTRO D UCTION AND BACKGROUND

Pharm acy compounding is defi ned as customized developing of medical or cosmeceutical 
preparation for individuals with specifi c needs (1). Even though many commercial medi-
cations and cosmeceuticals are available in the market, which makes medical practice 
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more consistent, pharmaceutical compounding still has its role in dermatology. Apparently, 
market products were unable to resolve all needs of consumers on a personal level and 
cause some degrees of depersonalization in medical care (2,3).

Derma tology and cosmetology are the most common areas of administration of com-
pounding preparations. Corticosteroids, antibiotics, anti-acne agents, anesthetics, and 
moisturizers are commonly prescribed topical agents in compounding dermatology (4).

Moist urizers are an important part of dry skin management, which are available in a variety 
of forms and formulations (5,6). Despite the discovery of novel ingredients for skin care 
urea is still one of the most useful molecules widely used in compounding and commer-
cial moisturizers. It is a component of the natural moisturizing factor and plays an impor-
tant role in the maintenance of skin hydration (7).

When  it comes to dry skin, many dermatologists tend to use compounded formulations, 
which let them personalize the concentrations (dosing) and vehicles, according to clinical 
picture and needs of the patient. Personalizing medications also makes products easier for 
patients to use, and enhances the treatment compliance (8). However, according to con-
sideration of the Council of Europe, products prepared in pharmacies must offer added 
value relative to commercialized products (9). Pharmacy preparations are of added value 
if, due to medical, pharmaceutical, or personal reasons, they are needed by a specifi c pa-
tient or by specifi c population groups with particular needs (9).

In th e current study, we evaluated the effect of two different concentrations (5% and 
10%) of urea-based compounded moisturizers on skin barrier function and hydration, 
compared with similar commercial products we also used.

MATER IAL AND METHOD

STUDY  DESIGN AND PARTICIPANTS

It wa s an intra-subject, double-blinded, randomized, controlled study. Two cohorts of 
healthy volunteers (men or women), with an age range of 18–60 years, with self-reported 
and clinically diagnosed dry skin, were recruited after signing written informed consent. 
Participants with a positive history of major skin diseases, or those using any topical 
preparations which might infl uence the skin hydration within past 7 d or used systemic 
corticosteroids or cytostatic drugs within past 2 weeks, were excluded from the study. 
Other exclusion criteria were active smoking, presence of any skin diseases on the fore-
arms, and pregnancy or breastfeeding.

The st udy was performed in compliance with the Declaration of Helsinki, and the study 
protocol was approved by the Ethics Committee of Tehran University of Medical Sciences 
(acceptance code: IR.TUMS.VCR.REC.1398.710). It was also registered in Iranian Register 
of Clinical Trials with registration code of IRCT20190210042676N9.

TEST P REPARATIONS

We use d two commercial water-in-oil products available in the local market (Golafshan 
Arayesh Cosmetic Laboratory, Tehran, Iran) as follows:
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 (i)  Samin ® emolient cream (urea 5%) Golafshan Co, Tehran, Iran, containing hydrophilic 
petrolatum (white petrolatum, white wax, stearyl alcohol, and cholesterol), 5% urea, 
polyacrylamide C13-14 isoparaffi n Laureth-7, phenoxyethanol, benzoic acid esters, and 
deionized water.

 (ii)  Samin ® emolient cream (urea 10%) Golafshan Co, containing hydrophilic petrolatum 
(white petrolatum, white wax, stearyl alcohol, and cholesterol), 10% urea, polyacrylamide 
C13-14 isoparaffi n Laureth-7, phenoxyethanol, benzoic acid esters, and deionized 
water.

 (iii)  S i milar compounded formulations prepared by an expert pharmacist with compound-
ing cream containing hydrophilic petrolatum, urea 5%, and deionized water.

 (iv)  Com p ounding cream containing hydrophilic petrolatum, urea 10%, and deionized 
water.

A simple  hydrophilic cream (cream-based preparation) was used as the control formulation, 
containing cetyl alcohol, stearic acid, propylene glycol, and propyleparaben. The detailed 
ingredients of the products are shown in Table I.

To prepa re the compounding products, urea crystals were triturated to fi ne powder using 
mortar and pestle, and then water was added to dissolve urea. Finally, the solution was 
incorporated into the hydrophilic petrolatum very gradually using a spatula until the 
smooth and uniform product was obtained. It was performed in room temperature. 
Condition of preparation was like a pharmacy in which there were no industrial instru-
ments available. The fi nal product was compared with the commercial one by organolep-
tic properties (color, odor, and texture), and it was similar.

STUDY PR OTOCOL

Subjects  underwent a conditioning period of 3 d before the study. No application of 
topical products to the forearms was allowed during this period to ensure there were no 
residual effects from any product application. Participants were also instructed not to 
wash the forearms within 3 h of arrival at the test facility.

In the fi  rst cohort, upper parts of the right and left forearms were randomly assigned for 
twice-a-day application of commercial and compounded products containing 5% urea in 
hydrophilic petrolatum. The same procedure was conducted for commercial and com-
pounded products containing 10% urea in the second cohort of participants. In both cohorts, 
the right lower forearm was assigned for application of a cream-based formulation and the 
left lower one served as the control site and application of no topical product.

The stud y was conducted from March to May 2020. Participants were supposed to use 
one fi nger tip of each cream, on a 5-cm × 5-cm area which was assigned for each product.

RANDOMIZ ATION AND BLINDING

We used a  simple randomization sequence using a random number table.

In each co hort, both compounding and industrial preparations as well as cream-based 
formulation were packaged in similar anonymous jars, distinguished with different codes. 
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The site of application of each product was added on the label according to the random-
ization list by an independent person. The investigator who performed the assessments 
was unaware of the site of application of each product.

BIOMETRIC  ASSESSMENT

Skin bioph ysical parameters, including transepidermal water loss (TEWL), stratum corneum 
hydration, friction coeffi cient, skin surface lipid index, and pH, were measured before 
intervention, and 1 and 4 h after single application, as well as after 24 h and 1 week of 
twice-daily applications. Before each measurement, the participants rested in a room 
with climate control of 22 ± 2°C and relative humidity of 30–40% for 30 min. At the 
end of the study, the last application was performed at least 12 h before fi nal measure-
ment. All measurements were performed using respective calibrated probes of a 
TEWAmeter, Corneometer, Frictometer, Sebumeter, and pH meter (MPA 580, Courage 
& Khazaka electronic GmbH, Cologne, Germany) in controlled room temperature and 
humidity conditions as previously reported by the authors (10). The skin pH measure-
ment is based on a glass H+ ion sensitive electrode, which is connected to a voltmeter. A 
drop of deionized water was used to get good contact.

Furthermore,  any local adverse events at the site of applications were recorded, and the 
participants answered a questionnaire regarding tolerability and acceptance of each prod-
uct on a fi ve-grade Likert scale (5 = extremely satisfi ed, 4 = very satisfi ed, 3 = moderately 
satisfi ed, 2 = slightly satisfi ed, and 1 = dissatisfi ed).

STATISTICAL A NALYSIS

For statistic al analysis, we performed descriptive statistics (mean, standard deviation, 
and percentages). In each time point, statistical differences were tested between four 
test sites for each parameter, using repeated measure analysis of variance (ANOVA) 
test. The signifi cance level was set as p < 0.05. In case of signifi cance, the post hoc 
Bonferroni test were performed for pairwise comparison. Statistical signifi cance level 
was defi ned as p < 0.05.

RESULTS

Thirt y partic ipants were enrolled in the study in two cohorts. Each cohort included 15 
volunteers (14 women and one man). Mean age and standard deviation in cohorts 1 and 
2 were 36.06 ± 9.08 and 35.93 ± 9.03, respectively (range 21–56 years). In each cohort, the 
baseline data for each parameter compared among four sites using repeated-measure 
ANOVA test showed no signifi cant difference for any of the evaluated parameters.

COHORT 1 (5% UREA )

Both products sig nifi cantly increased skin hydration compared with the site of application 
of the cream-based formulation and no-treatment area in all measurement time points 
(p-value for ANOVA with repeated measure <0.01). No signifi cant differences were ob-
served between the two products in any of the time points (Figure 1A).
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Following a 1-week  application, TEWL decreased signifi cantly in sites of application of both 
products compared with the control site (p-value 0.049 and 0.03 for commercial and com-
pounded product, respectively) (Figure 1B). Four hours after single application, signifi cant 
decrease occurred in the site of application of commercial moisturizer compared with the 
control site. This reduction was also signifi cant compared with the site of application of com-
pounded urea-based preparation (9.42 ± 2.01 vs. 10.18 ± 1.65 g/m2.h, p-value = 0.04). No 
signifi cant differences were detected in TEWL between two products in other time points.

One and 4 h after sin gle application, skin surface lipid content was signifi cantly higher at 
the site of application of both products than at the untreated area (Table II). No difference 
was detected in skin serum lipid content between commercial and compounding product in 
any time point.

We also did not fi nd  any signifi cant differences in other skin parameters measured (in-
cluding skin pH and friction coeffi cient) between the two products in this cohort using 
urea 5% (Table II).

COHORT 2 (10% UREA)

I n the second group,  the improvement in skin water content was also signifi cant compared 
with the site of application the cream-based formulation and no-treatment area, in all time 

Figure 1. Skin hydration (A) and TEWL (B) for commercial and compounded moisturizers containing urea 5%, 
after 1, 4, and 24 h as well as 1-week application (*signifi cant compared with cream-based formulation and 
untreated site, p < 0.05) (#signifi cant compared with compounded product p < 0.05).
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points for both products (p-value for ANOVA with repeated measure <0.01). However, 
this increase in skin hydration was signifi cantly higher for commercial product 4 h after 
application (57.48 ± 11.23 vs. 50.59 ± 11.42, p-value = 0.02) (Figure 2A).

Four hours after single a pplication as well as after 1 week of application, the commercial 
product decreased TEWL signifi cantly comparing with both control sites (p-value < 0.01) 
(Figure 2B). However, in the case of the compounding product, TEWL reduction was 
signifi cant compared with the control sites just after the 1-week application.

Four hours after single a pplication, TEWL was also considerably higher in the site of ap-
plication of the compounded urea product than the commercial one (10.18 ± 1.65 g/m2.h 
vs. 9.46 ± 1.03, p-value = 0.04).

A signifi cant increase in the ski n pH occurred after 1 week of application of both products, 
compared with both control sites (p-value < 0.01). In this time point, the skin pH value was 
considerably higher at the site of application of compounded urea 10% product than com-
mercial preparation; however, it was not statistically signifi cant (p-value = 0.06) (Table III).

Four and 24 h after single ap plication, the skin surface lipid content was signifi cantly higher 
at the site of compounding urea 10% preparation than the commercial one and untreated 
area (Table III).

No signifi cant differences we re detected in friction coeffi cient between two groups in any 
of the measurement time points. However, until 24 h after single application, both prod-
ucts led to signifi cant increase in friction coeffi cient compared with untreated area.

Figure 2. Skin hydration (A) and TEWL (B) for commercial and compounded moisturizers containing urea 
10%, after 1, 4, and 24 h as well as 1-week application (*signifi cant compared with cream-based formulation 
and untreated site, p < 0.05) (#signifi cant compared with compounded product, p < 0.05).
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No adverse reactions were rep orted or observed in any of the treatment groups. In both 
cohorts, participants’ satisfaction with treatment was higher for the commercial products 
(3.85 ± 0.80 vs. 3.66 ± 0.91), and this difference was statistically signifi cant (p = 0.042). 
However, the price of commercial products was slightly higher (Table I).

DISCUSSION

This was a pilot study t o investiga te the effect of a urea-based compounded moisturizer 
on barrier function, compared with similar commercial product. The results showed that 
both moisturizers had appropriate and comparable effects on skin barrier function. How-
ever, commercial products led to better improvement in TEWL and skin hydration 4 h 
after single application.

In both groups, compounded and co mmercial products were water-in-oil emulsions 
(appropriate pharmaceutical formulation for xerosis) and contained urea and hydro-
philic petrolatum as the main active ingredients.

Urea is a natural endogenous hume ctant which replaces water in low humidity conditions 
and maintains a fl uidic SC (11,12). Topical formulations with urea concentrations of 
5–10%, previously, showed to improve hydration and water retention. In addition, urea 
can increase the amount of free water in conditions of high humidity (13). In concordance 
with our fi ndings, improvement in skin hydration using topical urea has been reported 
within the fi rst hour of application, reaching to the maximum level of 4–6 h following 
one dose application (14,15).

In addition to moisturizing prope rties, 10% urea has recently been shown to improve 
skin barrier function in healthy volunteers associated with the elevated expression of 
genes involved in SC homeostasis, including the Filaggrin gene-encoding fi laggrin 
protein (16). Concentrations less than 10% have been also shown to strengthen the skin 
barrier in a series of other studies (17).

Hydrophilic petrolatum is compose d of cetyl stearyl alcohol, white Vaseline, and wool 
wax alcohols (18). High molecular weight hydrocarbons, lanolin alcohols, and acids form 
an inert layer on the skin, leading to a reduction in TEWL. Thus, occlusion is the most 
predictable mechanism by which water loss is reduced from the skin.

The results of the current study  confi rmed the Nasrollahi et al. (19) report, where treatment 
with a commercial urea 5% hydrophilic petrolatum product resulted in a signifi cant 
improvement in SC hydration and TEWL in patients with atopic dermatitis.

Despite similar main ingredients,  there were some differences in the composition of 
excipients of two creams, which can be the reason for the slight variation of their effects 
on skin barrier function. Commercial formulation contained phenoxyethanol, which is a 
permeation enhancer and promotes permeation of active ingredients by enhancing diffu-
sion or solubility to pass through the SC (20). Usually, this preservative is not used in 
pharmacies for compounding preparations. In fact, at pharmacies, most compounding 
products are prepared as preservative free for short time usage.

Polyacrylamide C13–14 isoparaffi n  Laureth-7 is another excipient used in test commercial 
products, which is a rheology modifi er, stabilizer, thickener, and emulsifi er. It could form 
a polymerized adhesive fi lm on the skin surface which is responsible for the occlusive 
effect and helps reduce the TEWL (as shown in the current study). A report by Couteau 
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et al. (21) also confi rmed our results, where 5% urea-based formulation containing poly-
acrylamine C13–14 isoparaffi n showed better moisturizing effect than formulation with-
out this excipient.

Lower water content of compounded  formulation could be another factor which may 
affect the moisturizing effect of the product. Kim et al. (22) reported better moistening 
effect after the application of vehicles containing higher water contents. In the indus-
trial scale, it is preferred to increase the water content of semisolids as an available and 
inexpensive ingredient to manage their operating margin. Hence, polyacrylamide C13–14 
isoparaffi n Laureth-7 was used to stabilize the fi nished product and prevent any phase 
separation due to high content of water. At pharmacies, more hydrophilic petrolatum 
and minimum water are used to inhibit any instability.

Dissimilar homogeneity of formula tions is another variation factor. Incorporation of in-
gredients in the compounded product is manual, which may cause uneven spread of in-
gredients in preparation, leading to insuffi cient occlusion and increasing the TEWL. In 
addition, the manufacturing company and pharmacist may provide their ingredients 
from different sources with dissimilar quality, which may interfere with their therapeutic 
effects.

Four hours after single applicati on of moisturizers (where participants were not allowed 
to wash the treated area), the levels of skin surface lipids were relatively higher in the 
application site of compounded products. This increase was signifi cant in the group using 
10% urea cream. It displays that commercial products are less greasy and leave little 
residue on skin after 4 h. Less oily formulas probably cause superior spreadability and 
cosmetic acceptability (6), as the present study approved.

Another noteworthy point is the increased skin pH after the 1-week application of both 
products. It is probably due to high pH of formulations (Table I) because of alkaloid 
characteristics of urea, affecting skin barrier during repeated applications. 

The elevated pH in skin decreases lipid processing in SC, disturbs organization of the 
lipid bilayers, and increases serine protease activity. The mentioned process affects barrier 
homeostasis and SC cohesion negatively, and consequently aggravates xerosis condition 
(23–25). 

The formulations differed in pH. A potential reason is that the source of ingredients 
such as urea and hydrophilic petrolatum could be different in these two types of prod-
ucts. Second, in commercial products, there are benzoic acid esters which reduce the 
pH of formulation, but this ingredient was not added in compounded products because 
the pharmacist at pharmacy usually does not add preservative to compounded prod-
ucts. However, Danby et al. (26) reported the same effect of two emollient with pH 
4.92 and 7.34 on skin pH because the pH-buffering capacity of skin has been reported 
to be good. 

We describe a methodological approach to compare compounded and commercial 
moisturizers. Two commonly prescribed formulations containing similar vehicle and 
active ingredients were used. To decrease the effect of by-products, a simple formula-
tion with limited moisturizing agent and few excipients were selected. The other 
limitation is the small number of participants and short term of follow-up, despite 
the fact that the fi ndings were signifi cant. The framework of this study could be ap-
plied for comparing more complicated formulations in larger sample sizes to provide 
better understanding. 
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CONCLUSION 

Although compounded and commercial urea containing hydrophilic petrolatum have 
demonstrated decent effects on skin barrier function, commercial formulation led to better 
improvement on skin hydration and TEWL after a single application, probably because 
of the infl uence of excipients. Considering this and also the higher acceptability of com-
mercial products, the current study did not come up with a suffi cient added value for the 
pharmacy product relative to commercial one; it is recommended to be replaced in simi-
lar conditions. 

Disclosure: This study was approved by the Ethics Committee of Tehran University 
of Medical Sciences (acceptance code: IR.TUMS.VCR.REC.1398.710, date: 2019.
12.17). It was also registered in the Iranian Register of Clinical Trials (registration code: 
IRCT20190210042676N9). 
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